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SUMMARY

Horizontal-tailloadsmeasuredbymeansofstraingagesinpitching
maneuversareanalyzedto determinewing-fuselageaerodynamic-centerposi-
tion,zero-liftpitching-momentcoefficient,airplanepitchingmomentof
inertia,andradiusofgyration.A similaranalysisismadeofthetime-
historydatafortheelevatoranglesandtheresultswerefoundto agree
withthosefromthetail-loadanalysis.Theflight-determinedvaluesof
aerodynamic-centerpositionforrigidconditionsandthezero-lift
pitching-momentcoefficientswerein somedisagreementwiththetind-

- tunneldataovertheMachnumberrangeofthetests(0.42to 0.81).The
pitchingmomentof inertiadeterminedfromtheflightdataforrigid-wing
conditionsagreedwithcalculationsbasedongroundtests.Theeffective.“ pitchingmomentofinertiaccmputedfromtheoreticalconsiderationfor
flexibleflightconditionswasindisagreementwithflightdata. Details
oftheanalysisproceduresandleast-squaresmethodsusedaregiven.

INTRODUCTION

Thecalculationofairplanedesigntailloadsandstabilitycharac-
teristicsrequiresreliableestimatesofthewing-fuselagepitching-moment
characteristics.Theuseofhighlysweptflexiblewingscombinedwith
otherflexibleairplanecomponentsintroducesadditionalfactorswhich
mustbe consideredintail-loaddesignanalysisprocedures.Investiga-
tionsby theNationalAdvisoryCcmmitteeforAeronauticsofa large
flexibleswept-wingjetbomberwhichincludedmeasurementsofhorizontal-
tailloadspermittedtheanalysisofdatafromwhichcomparisonscould
bemadebetweenwind-tunnelmeasurementsofwing-fuselageaerodyuamic-
centerpositionsandzero-liftpitching-momentcoefficientsandvalues
oftheseparametersas derivedfromflightdata.

Theanalysisofflightdatainthepresentreportis,to a large
extent,basedonanalysesandinformationcontainedinreferences1

?

.
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and2 forwingdeflections,reference3 forhorizontal-tailparameters,
reference4 forairplanelift-curveslopesandanglesof zerolift,and
reference5 forwingcentersofpressure.Themethodsusedto analyze
theflightdataandto convertmeasuredpitching-momentparametersto
equivalentrigidconditionsforcomparisonwithwind-tunneldataare
describedindetail.Comparisonsaregivenbetweenflightandwind-
tunnelresultsforaerodymunic-centerpositionandzero-liftpitching-
momentcoefficientsandbetweenflightandcalculatedvaluesofmoments
ofinertiaandradiiofgyrationforbothflexibleandrigidconditions.
Althoughno directcomparisonsaremadewithpresenttail-loaddesign
computationmethods,thetheoreticalmethodswhichwereusedinthe
flight-dataanalysiscontaintheessentialelemerrbsofdesignprocedures
forflexibleaircraftand,thus,providean indirectcheckontheir
adeqyacy.

S’YMBms

A,B,C,D coefficientsofequations(A7)and(Bl)usedto obtainair-
planepitching-momentparameters

Acorr the A coefficientofequation(Bl)correctedforzero
shift

‘% horizontal-taillift-curveslopeperdegree

(h)Cf horizontal-taillift-curveslopeperde~eeforflexible
fuselageconditionsdefinedby theexpression

c%
dit

1 -~cQ.#t

%

c%

%

horizontal-taillift-curveslopeperdegreewithrooteleva-
torangle

tailpitching-momentcoefficientdueto

zero-liftwing-fuselagepitching-moment

,
zero-liftwing-fuselagepitching-moment

elevatordeflection

coefficient

coefficientcom-
puteddirectlyfrommeasuredzero-lifttailload

correctedzero-liftwing-fuselagepitching-momentcoeffi-
cientusinganalysismethodI
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zero-liftwing-fuselage
analysismethod11

pitching-momentcoefficientusing

airplanenormal-forcecoefficientcorrectedforpitching-
accelerationtailload

airplanepitchingmomentof

effectiveairplanepitching
equation(A1O),slug-ft2

&erodynamictailload,lb

inertia,slug-ft2

mcmentof inertiadefinedby

aerodynamictailloadplusccmponentoftailaerodynamic
pitchingmment definedby egyation(A6),lb

aerodynamicwingload,lb

aerodynamicwingloadperunitpitchingacceleration,
lb

radian/sec2

aerodynamictingleadduetopitchingvelocity(eq.(A3)),
lb

aerodynamicwingloaddueto pitchingacceleration(eq.(A2)),
lb

Machnumber

pitchingmcmentaboutwing-fusebgeaerodynamiccenter

numberofequationsinleast-squaressolutions

wingarea,sqft

horizontal-tailarea,sqf%

tailaerodynamictorque,in-lb

trueairspeed

airplsneweight,lb

horizontal-tailweight,lb
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locationofairplanecenterofgravity,percent5

locationofrigid-wing-fuselageadditional-loadaerodynamic
center,percent5

locationofflexible-wing—fuselageadditional-loadaerody-
ns.miccenter,percentE

locationofcenterofpressureofaerodynamicwingloaddue
topitchingacceleration,percent5

zeroshiftinmeasuredaerodynamic
lb

zeroshiftinmeasuredaerodynamic

fairedtail-onairplanelift-curve
ref.4)

tingmeanaerodynamicchord,in.

tailmeanaerodynamicchord,in.

tailloads(fromref.3),

tailtorque,in-lb

slopeperdegree(frcm

distancefromwing-fuselageaerodynamiccenterto airplane
centerofgravity,positivewithcenterofgravityforward
oftheaerodynamiccenter,in.

centerofpressureofwingloadduetopitchingacceleration,
in.

centerofpressureofwingloadduetopitchingvelocity,in.

accelerationof

tailincidence,

wingincidence,

airplaneradius

gravity,ft/sec2

deg

deg

ofgyrationinpitch,ft

effectiveairplaneradiusofgyrationinpitch,ft

horizontal-taillength,distancefromairplanecenterof
gravityto quarter-chordofhorizontal-tailmeanaerody-
namicchord,in.

n

b

.a-

.
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rigid-wing-fuselagelift-curveslope

normalloadfactorat

normalloadfactorat

airplanecenter

horizontaltail

perdegree

ofgravity

dynamicpressure,lb/sqf%

weightingfactors

distancefromwing-fuselageaerodynamiccenterto quarter-
chordofhorizontal-tailmeanaerodynamicchord,in.

differencebetweenrigid-andflexible-wing-fuselage
aerodynamic-centerpositions,definedby eqyation(6),
percentC

differencebetweentheoreticalandmeasured&m2 values,
ft2

tailangleof

wingangleof

wingangleof

rootelevator

rootelevator

errorsinfit

JI

attack,deg

attack,deg

zerolift(fromref.4),deg

angle,positivedown,deg

angleat zeroloadfactor,deg

ormeasurements;subscriptsto e denote
errorassociatedwithquantityindicated

errorin

errorin

pitching

measured

calculatedkyf2

measuredkyf2

velocity,radian/see

pitchingaccelerationcorrectedforinstrument
responsecharacteristics,radian/sec2

indicatessummation
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deIda effectivedownwashfactor

Matrixnotation:

{1 columnmatrix

II II rectangularmatrix

11II
T

transposeofrectangular

[1
-1

inverseofsquarematrix

NACATN4191

matrix

BarsoverSymI.IOIEindicateaveragevalues.

APPARATUSANDTESTS

Airplane

Theairplaneusedforthisinvestigationwasa six-engine,$et-
propelledmediumbomber.A photographofthetestairplaneisshownas
~ig&e 1,andtheairplaneafidho=iz&tal-tail
sionsaregivenintable1.

Instrumentation

Thedatausedforanalysisinthepresent

charact&isticsanddimen-

paperwereobtainedfrom
standardNACArecordingins%mentsand-frmnst~a~ngagesmountedonthe
rightandleftsidesofthehorizontaltail.

Nomid accelerationsweremeasuxedby twoair-dampedaccelerometers,
onenearthecenterofgravityandoneattheliorizontaltail.Angular
accelerationsinpitchWeremeasuredby a rate-gyrot~e, electrically
differentiating,magneticallydampedturnmeter.Airspeedandaltitude
measurementsweremadewithanNACApitot-staticheadmountedona bocan
approximately1 maximumfuselagediameteraheadoftheoriginalnose.

Electricalwire-resistancestraingages(TypeA-6)withlowtempera-
turecorrectionfactorswereusedtomeasuretherootshears,bending
moments,andtorquesat stationsontherightandleftsidesofthetail.
Thegageswereinstalledasfour-active-armbridgesonthewebandflanges ,
ofthemainspars(50percentchord)andontheupperandlowerskinsur-
facesneartheleadingedgesofthehorizontaltail.

.
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. Thestrain-gagebridgeinstallationwascalibratedaccordingtothe
methoddetailedinreference6. Thebridgeswerethenccmbinedelectrically
so that, exceptforsecondarycarryovereffects,a combinedshear,moment,

a ortorquebridgerespondedprimarilytotheshear,moment,ortorquefor
thesideofthetailonwhichtheloadwasbeingmeasured.Finalcali-
brationequationsusingcombinedbridgeoutputsincludedcarryover-effect
corrections.

Thecombinedstrain-gageoutputswererecordedonan 18-channel
oscillographwithindividualgalvanometersresponsesf-t to 60 cps. All
datawereevaluatedby usingnondimensionaldeflectiorisas

Flightdeflection- Groundzerodeflectionp=
Calibratesignaldeflection

Thesensitivityofeachcombinedbridgewasgeneralityrecordedpriorto
enteringa maneuverthroughtheuseofa calibratesignal.Withthis
systemofdatareduction,changesinbatteryvoltagehadno effectonthe
measurementofloads.Inaddition,galvancnneterzeroswithstrain-gage
poweroffwererecordedto compensateforanymechanicalshiftsinthe
galvanometerszeropositionduetotemperatureeffectsintherecorder
andanythermalelectrmnotive-forceeffectsinthestrain-gagecircuits.

Aerodynamictailloadsonthehorizontaltailwereobtainedfrcm
thestructuralloads(measuredby thestrain-gagebridges)andtheknown
tailweightandnormalloadfactorfromtheequation

&aero= ~struct- %Wt

Theaerodynamicbendingmomentsandtorqueswereobtainedina similar
manner.

TherecordeddataforallinstrumentsweresynchronizedatO.1-second
intervalsbymeansofa commontimingcircuit.Allinstrumentsweredamped
toabout0.67 ofcriticaldamping.A sumary ofpertinentquantitiesmeas-
ured,instrumentlocations,andaccuraciesaregiveninthefollowing
table:
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Instru-
Qusmtity Location Instrwent ment

range accuracy

Normalacceleration,
g units. . . . . . 34.2percentZ! oto2 0.00!3

Normalacceleration,
g units. . . . . . 47.8percenthorizontal- -2to 6 0.02

tailrootchord

Pitchingacceleration,
radians/sec2. . . ~ percentC -K).50 0.01

Dynamicpressure,
lb/sqft . . . . . 140in.aheadof O to 8~ 1

originalnose

Staticpressure,
lb/sqft . . . . . 132in.aheadofo to 2,200 2

originalnose

Tailshear,per
Sib, lb . . . . . Rootoftail *25,000 60

Tailtorque,per
side,in-lb. . . . Rootoftailt2,cxlo,oa) 4,000

Tests

All.testsweremadewiththeairplaneinthecleancondition.The
flightdataevaluatedinthisreportwere.takenfrom68push-down-pull-
unmaneuvers(thesamemaneuversusedinrefs.3 and4)madeat alti-
t~desof20,~0,25,CQ0,30,000,and35,000feetad an overalJMachnum-
berrangefrom0.427to 0.812. Thetestsweremadeatnormalandforward
center-of-gravitypositionsandairphneweightsrangingfrom104,000
tO 127,000pO~ds. TableIIisa summaryoftheflightconditionsfor
theseruns. Inthetablearelistedtheflightandrunnumbers,average
Machnumber,averaged-c pressure)testaltitude)weight~andcenter-
of-gravityposition.TherangeofMachnumberanddynamic-pressurechanges
duringanytestarealsoindicated.Itmightbe notedthatthecenter-of-
gravitylistingsintableIIdifferslightlyfromthosegivenforthesame
maneuversinreferences3 and4. Theairplanecentersofgravityhavebeen .-
correctedfortheeffectofairplaneattitudeonthefuel-tankcentersof
gravityforthethreeWge unbaffledfuselagetanks.
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METHODSANDRESUIUS

Theairplanepitching-momentparameters,thatis,wing-fuselage
aerodynamic-centerpositionandzero-lJftpitching-momentcoefficient,
andtheairplaneeffectivemomentof inertiamaybe evalutedfranflight
measurementsoftheairplanemotionsandthehorizontal-tailload. In
appendtiA, useismadeoftheairplanepitching-momentequationto set
up twomethodsofanalysisamenableto least-squarestreatment.The
methodsare:

MethodI. A procedureinwhichdirecttail-loadmeasurementsare
used.

MethodII. A procedureinwhichelevator-anglemeasurementsare
used.

Pitching-momentparametersobtainedby theuse ofeithermethodinclude
quasi-staticwing-flexibilityeffectsbuttheequationsdonotallowfor
dynamicwing,tail,orfuselAgefrequency-responseeffectssincethebulk

. ofthedatapresentedwasobtainedwithoutexcitationofthemajorair-
planecomponents.

. Thefollowingsectionspresentthedeterminationofthepitching-
momentparametersfromflighttime-historydataandcomparisonswith
availablewind-tunnelandmass-distributiondata.Themethodusedfor
extrapolatingorcorrectingthemeasuredaeroi@amic-centerpositions
to rigid-wingconditionsisgivenindetail.Thetheoreticalrelation-
shipexistingbetweenthemeasuredoreffectivemomentof inertiaandthe
actualorrigid-airplanemomentof inertiaisalsodescribed.

BasicDhta

Theleast-squaresdata-reductionproceduresasusedformethodsI
andIIaregiventnappendixB. Theseproceduresareusedfortheevaha-
tionoftherequiredtail-l-dandelevator-anglecoefficientsforeachof
the68maneuversstudied.Thesetail-loadandelevator-anglecoefficients
inturnareusedfortheevaluationoftheairplanepitching-momentparam-
eter~.~othmethodsareillustratedby useofthetime-historydatafor
n, e, eq/v, up and 5 showninfigures2,3,and4 foran exaniple

maneuver(flightI-2,run27). Thecalculatedtail-loadandeleva,tor-
angletimehistoriesfrcmequations(B4)and(B6)areillustratedinfig-
ures3 and4,respectively.

3 It isdemonstratedinappendixB thatformethodI a simplifiedform
ofequation(B2)whichomitsthe 62t/Vtermcouldbeusedforthe

7
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determinationofthezero-lifttallload,thetailloadperg,andthe
tailloadperunitpitchingacceleration. The A, B, and C coeffi-
cientsofequation(B2),alongwiththeirstandarderrorsanderrorsof
fit,foreachof’the68maneuversanalyzedaregivenintable111.

Thecoefficientsfromtheleast-squaresanalysisoftheelevator-
angledata(method11),alongwiththeirstandarderrorsanderrorsof
fit,foreachofthe68maneuversanalyzedaregivenintableIV.

.
Aerodynamic-CenterPosition

The B coefficientsofmethodI andthe %/& coefficientsof
method11,givenintablesIIIandIV,respectively,asdeducedfrom
flighttime-historydatanowpermitthedetermination”ofthewing-fusehge
aerodynamic-centerlocation.Thissectionillustratesthemethodsusedto
extracttheaerodynamic-centerdataandtoextrapolatethedataasmeas-
uredforflexible-wingconditionsto rigid-wingconditions.InappendixA,
equations(A8)and(A2’3)showtherelationshipbetweentheaerodynsmic-
centerpositiond (thedistancebetweenairplanecenterofgravityand
wing-fuselageaerodynamic-centerlocation)andthemeasuredcoefficients. .

A generaleqmtionexpressingtheaerodynamic-centerpositionintermsof
itslocationonthewingmeanaerodynamicchordis .

(%)c flex

andisusedto correlatethedata
locations.

.~g+$ loo (1)

obtainedatvariouscenter-of-gravity

Aerodynamic-centerpositionusingmethodI.-Equation(A8)ofappen-
dixA givestheaerodynamic-centerlocationd as

BZt
d =—

w-B

Insertingnumericalvaluesfortheexample.maneuver
B = 392 (fromeq.(B4)),Zt= -552inches,and W
inequation(2)gives

d = -1.97inches

ofappendixB with
= 110,300pounds

Theaerodynamiccenterintermsofthemeanaerodynamicchord,using
eqyation(1)andthecenter-of-gravitypositionof 22.9 percent,thus
becomes

—

(2)
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.-+

(%)c flex
()

= 22.9+ ~ = 21.6 percent
1.559

Theerrorin (%c)flex maybe determinedby useofthe
inthe B coefficientas

‘Bzt 100
%c”gT

Usingthestandarderrorof B fromtableIIIgives

%C ‘* 3%(-552)
(109,910)(1.559)‘fi”2 percent

Theaerodynamic-centerpositionsandtheassociated
foreachofthe68maneuversaregivenintableV.

standarderror

(3)

standarderrors

Aerodynamic-centerpositionusingmethodII.-Equation(A25)of
appendixA givestheaerodynamic-centerlocationd as

%%+%
(%)[ ()

ztd~+ ~ dc Wltc —— .—
fbndb ~+gv2da ‘——da~qs + E %Et

d=
w w%+~—-

(%) [
c ——

qst ~=+~-&)*] ‘4)fandb dnt+gv2ti

Foruseinequation(4)

and ~ wereobtained
dope aF wasobtained

incidencechangedueto

(%) d% d~valuesoftheparametersC!
f’s~

frm reference3 andtheairplanelift-curve
frcmreference4. Theparameterg (tail-

fuselagebendingunderinertialoads)wasobtained
fromequation(7)ofreference3. Theremainingparametersrequiredare
g,theaccelerationofgravity,V, thetrueairspeed,and q,thedynamic
pressure.Thequantity&/~n isthecoefficientofequation(A19)
associatedwith n andisgivenintableIV.

Fortheexsm@emaneuver,substitutionofnumericalvaluesinto
eq~tion(4)resultsin

d = -3.22inches
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Theaerodynamic
equation(l):

NACATN4191

centerbymethodIIfortheexamplemaneuverisfrom

()(Xa.)flex==”g+ - ‘20”8percen’
●

Theerrorin (Xac)flexmaybe computedfromthestandard

P
coefficientgivenintableIVas

n

[()
%c$f~+%%% .%,% g

EGw = d

errorofthe

(5}

●

☎

‘Aa~

w (%)[c --’(%)*] ‘“’&%+dit+g Ztdc—. ——
qst f andb dnt ~2 da

Usingthestandarderrorof &5/& fromta%leIVgives
.

~~c [(-552)(0.0559)(0.420)+ (-o.0@6)103](*0.258)= = @.9 percent
1.559(2.562)

..-.

Theaerodynamic-centerpositionsandtheirassociatedstandarderrors
forall68maneuversaregivenintableV wheretheymaybe comparedwith
thevaluesdeterminedbyusingmethodI.

Extrapolationtorigid-wingconditions.-Theaerodynamic-center-
positiondataintableV areforfletible-wingconditions.Iftheeffects
ofwingflexibilityareknown,theflightmeasurementsmaybe extrapolated
to rigid-wingconditionsandthevariationofaerodynamic-centerposition
withMachnumberestablished.Dataareavailableinreference5 which
maybe usedforthisextrapolation.Theforwardshiftofthewing
aerodynamic-centerpOSitiOnasa functiOnoftheflexibilityparameterqmR
is shownInfigure>, as determinedfromthetheoreticalcurve(foran “
averagevalueof W = 110,000pounds)offigure4(c)inreference5 by con-
versionoftherootcenter-of-pressurevariationwith q% topercentmean
aerodynamicchord.Sincethewingaddition@-loadcenter-of-pressure
datainfigure4(c)ofreference5 weredeterminedfromwing-rootaero-

dynamictorquesandtheairplanecenter-lineshear(*nW-* ~~, the

rigid-wing-fuselage
theequation

aerodynamic-center
\L c /

positionmaybe determinedfrcm
●

.
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(%c)r= (Ec)flex+ %C (6)

Whenequation(6)isuseditisassumedthatthewing-fuselageaerdynamlc-
centerpositiondiffersfromthewingaerodynamic-centerpositiononly
by a constantforanygivenMachnumberandthatchangesindynamicpres-
suxedonot@feetthefuselagecontributiontothetotalwing-fuselage
aerodynamic-centerposition.

Thevaluesof q.. foruseinthedeterminationof A&C frcmfig-
ure5 arelistedintableV andwereobtainedfromthedynamicpressures
givenintableIIandtherigid-wing-fuselagelift-curveslopesmR
giveninreference4. The (~c)r valuesobtainedfromequation(6)for
themethod1 andmethodIIdataandthe A&C valuesfromfigure5 are
givenintableV. Thevaluesof (&c)r forbothmethodsareplotted
infigure6 andareidentifiedbymethod.

Itwillbe notedthattheerrorsassociatedwiththeaerodynamic
centers‘&c oftableV arenotconstant.Usewasmadeoftheseerrors
to defineweightingfactorsto obtainweightedaveragevaluesofaero-
dynamiccenteratthegroupMachnumbersindicatedin tableV. The
weightingfactorisdefinedas

2

()

1w=—
‘&c

andtheweightedaverageaerodynamic-center
equation

(7)

positionisdefinedby the

(8)

Thestandarderroroftheweightedaverageisgivenby theequation

ThelastcolumnoftableV givestheweightedaveragevaluesofthe
aerodynamic-centerpositionandthestandarderrorsccmputedusingequa-
tionfi(8)and(9)fortheMachnumbergroups used.Theseweightedaverage
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aerodynmic-centervalues
a linefalredthroughthe
Machnumber,thestandard
lineswithintheSymbols)

NACATN4191

arealsoplottedas circlesinfigure7 with
datato indicatea reasonablevariationwith
errorofeachpoint(shownasthevertical
beingconsidered.“

P

Comparisonwithwind-tunneldata.-Wind-tunnelmodeldatacorrected
formodelflexibilityeffectsaregiveninreference7 onpagesL-124,
L-126,andL-128.Fromthesedatathewing-fuselageaerodynamic-center
datashowninfigure7 (thediamond-shapeds~bols)wereobtainedforthe
availableMachnumbersandmaybe ccmparedwiththeflightmeasurements.

Aerodynamit-centerpositionsatvariousaltitudes.-Thewing-fuselage
aerodynamic-centerpositionasaffectedbywingflexibilitymaybe calcu-
latedforvariousaltitudesbytheuseofequation(6),the ~c data
offigure5, andthefairedcurveoffigure.7.Theresultsofthesecal-
culationsareshowninfigure8 andareconsideredtobe thebestesti-
matesofaerodynamic-centerpositionthatcanbemadefromtheflight
data.Theresultsareltiitedto a lowMachnumberof0.40,a high qmR
of50,andanairplaneweightrange.,fr~11O,OCX3to_130,000_poundssince
these
ments

conditionsrepresentthelimitswithinwhichtheflightmeasure-
wereobtained.

.

Zero-LiftPitching-MomentCoefficient
.

Inthefollowingsectionthedeterminationofthezero-liftwing-
fuselagepitching-mmnentcoefficientsfromthe A coefficientofequa-
tion(B2)(formethod1)andfromthe 50 coefficientofequation(B5)
(formethodII)isillustratedwithresultspresentedforbothmethods.

MethodI.-Equation(A9)oftheappendixisusedto determinethe
wing-fuselagezero-liftpitching-momentcoefficientas. ..

%M=-A$ (lo)

where

%

Fortheexamplemaneuver(flight
equation(10)ofnumericalvaluesfor A fromequation(B4)and

=lt+d (n)

12,run27),thesubstitutioninto

% = (-552) + (-1.%’)= -554 inches

producesa measuredC
%

valueequalto

b
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(-1702)(-554)
cWf=- (159)(1428)(155.9)

Thevaluesof
%

thusobtainedfromthe

= -0.0266

A coefficientsoftable111

andtheuseofequations(10)and(n) aregivenintableVI andare
plottedasa functionofMachnumberinfigure9 foreachofthe68maneu-
vers. Itwasdemonstmtedinreference3,however,thatthemeasuredtail
loadsweresub~ectto largezeroshifts(rangingfrom16,OOOto
-6,000pounds).In orderto correct”themeasuredzero-lifttailload,
useismadeoftheeq~tion

Acorr

where Z1 isthezeroshiftinmeasuredtailloadgivenintable111of
reference3 forthesamemaneuversusedinthepres~ntanalysisand ~
isthezeroshiftintailaerodynamictorquedeterminedfroma tailtorque
andtallangie-of-attackanalysissimilartothatusedforthetailloads
inreference3. Fortheexamplemaneuver,useofequation(U) gives

Acorr= -1702-(20)- (240)=-1962

Thezero-llftwing-fuselagepitching-momentcoefficient
latedby useoftheeqmtion

whichwithnumericalvalues

%=

fortheexamplemaneuver.r

‘Acorr%
%= q,~

insertedbecomes

-(-1962)(-554)=-00307

(159)(222625) ●

rheerror

useofthestandarderrorinthe A

“9 =

Usingthestandarderrorof A frm

isthenrecalcu-

(13)

in
%

maybe estimatedby the
coefficientas

table111gives

(14)

: (+363)(554) =NOW7
‘%I (159)(222625)
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Thecorrectedzero-lift
theirassociatederrors

NACATN4191

wing-fuselagepitching-momentcoefficientsand .
arelistedintableVI. Figure10 isa plotof

the ~ valuesasa functionofMachnuniberand,fithoughscat~erdoes
stillexist,theseresultsarea decidedimprovementovertheresultspre-

k

sentedInfigure9.

MethodII.-Theelevator-angletypeof solutionmaybe usedto deter-
minethezero-liftwing-fuselagepitching-momentcoefficients,asillus-
tratedby equation(A24)oftheappendix:

(%)[c % d~
(

f3.00+g——- 1-
V2 da

Thesubstitutionofnumericalvaluesforthe
50 valueoftableIV,geometricparameters,
parametersfromreference3,resultsin

CW1l= -0.0326

)( )-J~ ~add + 2.75 (15)

examplemaneuver,usingthe
andtailangle-of-attack .

.

withanassociatederrorofii3.0033.Values

errorsarelistedintableVI. Figure11 is
asa functionofMachnumber,whichisseento indicate(althoughwith
somewhatmorescatter)thesameaveragevariationwithMachnumberas
illustratedinfigure10forthemethodI fits.

‘f %3,,andtheirstandard
a plotofthe CWII values

Thecorrelationbetweenthesetwomethodsofevaluatingzero-lift
wing-fusehgepitching-moment~ta isseenmoreclearlyinfiwe 12
where CWI isplottedagainstc%_jI”Thesolidlineinthisfigure

istheperfectagreementldneandthedashedsidebandsrepresentan
averagedeparturefromagreementbasedontheaverageoftheerrors
listedintableVI foreachmethod.Witha fewexceptionsmostofthe
dataliereasonablyclosetothecorrelationline.

VariationwithMachnumber.-The ~ dataoffigures10and11
indicateda tendencyfortheloweraltitudedatatohavesmallerabsolute
valuesof CMO. Thistrendisinagreementwiththeorysinceincreasing
thedynamicpressureat constantMachnumberrelievesboththebending
andtorsionalmomentsassociatedwiththezero-liftwingloadsandthus
reducesthewingcontributionto ~. Theoreticalcalculationsindicate,

—

.
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*
however,that
Cmo wouldbe

. ineitherset

17

forthemaximumq% ofthepresentteststhechangein
only0.0010.Otherfactorsnotspecifica~ycorrectedfor
of ~ dataarethepitching-momentcoefficientdueto

taildragwhichwasestimatedto havea maximumvalueof 0.0023andthe
pitching-momentcoefficientdueto enginethrustwhichwasestimatedto
varyfrom0.0019to 0.0014forthedynamicpressukerangeofthe68~neu-
versusedintheanalysis.

In orderto determinea moredefinitevariationof ~ withMach,,~
number,thedatashowninfigures10and11wereusedto determineweighted
averagevaluesof ~ ateachof theMachnumbergroupssho.nintableVI.
Theweightswereassignedby useofa weightingfactorw stiilarto that
giveninequation

weightedaverage

(7) exceptthat
@ isgivenby

%=.

%c waereplacedby
‘c%” ‘e

theequation
n

%-

%

w
(16)

. andthestandarderroroftheweightedaverageisgivenby theeqmtion

.

(17)

Theresultsoftheapplicationofeqyations(16)and(17)tothedata
foreachoftheMachnumbergroupsaregivenintableVI andplottedin
figure13as a functionofMachnwnber.

Comparisonwithwind-tunneldata.-Wind-tunneldatacorrectedfor
modelflexibilityeffectsare giveninreference7 onpagesL-124,L-126,
andL-128.Fromthesedatathewing-fuselagezero-liftpitching-moment
coefficients(shownasthediamondsymbolsinfig.13)wereobtained.

PitchingMomentofInertiaandRadiusofGyration

Inthefollowingsectionstheeffectsofwingflexibilityonthe
measuredandcalculatedeffectiveairplanemomentsof inertiaarepresented.

kYf2 fromtheory.-Theeffectivemmnentof inertiaoftheairplane
includingtheeffectsofwingflexibilityisdefinedby equation(A1O)as
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(18)
r’

Thevaluesof d~/dB and d;
%

tobe usedinequation(18)aredifficult
to determineby directexperimentationandrecourseismadehereto esti-
matingthembytheoreticalmeans.Theaerodynamicwingloaddueto
pitchingacceleration~/d6 andtheassociatedchordwisecenterofpres-
s~e ~ werecgmputedby thesuperpositionmethodofreference8 asmodi-
fiedandusedinreferences4 and5. Theresultsofthesecomputationsare
showninfigure14wheretheload(inthiscaseforbothwings)andthe
centerofpressure(givenintermsofpercentM.A.C.)areplottedasfunc-
tionsoftheflexibilityparameterq%. Therelationshipbetweenthe
ordinateX3 offigure14(a)andthecenterofpressured~ isgiven
by theequation

% = (Xac-%)* (19)

where &c mybe foundfromfigure8. Thesubstitutionofequation(19)
intoequation(18)anddivisionby W/g producesthefollowingequation -“
foreffectiveradiusofgyrationsquared:

‘[ -+%3]kyf2= %2 - ~ (%C (20)

Itwasfoundthatintherangeof interestof qmR forthepresenttests
theproduct(%. - %)2 wasapproximatelylinearandwasequalto

..-

Thus, kyf2 inunitsof squarefeet

= lo,oooq~ (21)

isgivenby theequation

kYf2= %2 - 32”*1XW1●559lo,oooqq

kyf2 = ky2- 42,0ci3~ (22)

Valuesof kyf2 calculatedby equation(22)aregivenintableVIIand
areplottedinfigure15asa functionof q#W forthe68testmaneu-
vers. Inthecalculationof %2 theempty-weightmmnentof inertia ●

.



NACATN4191 19

. giveninreference9 fora grounddeterminationof Iy forthetest
airplaneof 933,000slug-feet2wasusedalongwiththefuelweightsand
locations.

2 fromflightdata.-kYf Thesquaredvaluesofradiusofgyration,

obtainedby useofmethodI andmethodIIflightdataandequations(AIO)
and(A26)oftheappendti(alongwiththeirstandarderrors),aregiven
intableVIIforallmaneuvers.Theaveragevaluesof kyf2 (from
methodsI andII)arealsogivenintableVIIandplottedinfigure15.
Itwillbe notedthatthemeasuredkyf2 valueshavemorescatterbut

a greatermeanvariationwith q% thanthecalculatedvalues.The
disagreementbetweenmeasuredandcalculatedky2 valuesmaybe dueto
actualdifferencesintherigid-wingvaluesoran incorrecttheoretical
variationwith q%. In orderto allowforthesedifferences,thefol-
lotingprocedurewasusedto correlateflightandcalculatedvalues of
kyf2. Ifthevaluesof kyf2 areassumedtobe linearwithrespectto

. q~~ thefollouingequationsmaybe written:

()‘yf2talc (% )
= (%2+ ‘1)+ :&’c %

T

() 2
‘yf mess

()= (%2+ .2)+ =:&as%

w

Subtractingeqwkion(23)fromeqpation(24)
lowingequationfor Akyf2:

(%)~f2 . 2 (%)2f mess- f talc

(23)

(24)
w

resultsin thefol-

(25)
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Equation(25) nowpermits
of qq sincetheactual

NACATN4191

thecorrelationofallthedataasa function
%2 valuesthatdifferfromrunto run

J ‘‘. becauseofweight-distribution2differencesha~~beeneliminatedbythe
subtraction.columnsof ~f valuesand —w

areshownintableVII.
,, A,least-sqparesprocedurewasusedwiththedatato establishthefol-

l:kggrelationshipbetweenAkyf2 and %P:

8’
#A_kyf2= (6.6 i 5.3) - (u.5 * 2.6)(Y x 1.04) ‘(26)

.,, ,. ..
Sincethestandarderrorofthevalue(c2- 61)ofequation(26)iS+5.3
andtheaveragestandarderrorinthemeasuredkyf2 fromtableVIIis
~.8, theconclusiontobe reachedisthattheflightmeasurementsagree

., Withthecalculatedvaluesof ky2 forrigid-~ngconditions”Thedif-
ferencebetweenthemeasuredandcalculatedkyf2 valuesisinthevaria-

‘% Theequationwhichrepresentstheflexible-wingeffective .tionwith —.

radiusof~wationis,thus,fromequations(26),(25),and(22):I..x

kYf2= ky2- (u5,000* 26,000+ 42,000)~
.

or

kyf2= %2 - (l57,ooo* 26,0cx3)~ (27)

kyf2 fromwing-twistdata.-Thedifferencesbetweenthemeasured

andcalculatedvariationsof kyf2 with qm@ weresufficientlylarge
to requirescmefurtherevidenceorconfirmation.Infigure15 ofrefer-
ence2,optigraphmeasurementsforthetestairplanewerereportedwhich
showeda considerabledisagreementbetweenmeasuredandcalculatedvalues
ofwingtwistassociatedwithpitchingaccelerations.Thesetwistsas
plottedinfigure15ofreference2 arenotthoseduetopitchinginertia
alonebutincludeanadditionalairloadcomponent.Aftercorrectionfor
thiscomponent,theaerodynamicloaddistributionduetotwistresulting
frompitchinginertiawascomputedby useofthemethodofreference10
fortheexampleoffigure15inreference2. Integrationoftheresulting
loaddistributionforbothwingsgavea loadperunitpitchingaccelera-
tionof -17,0k0poundswitha centerofpressureat86.9percent5.
Bothofthesepointsareindicatedonthetheoreticalcurvespresentedin “
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figure14. Equation(20)wasthenusedto computetheeffectiveradius
ofgyrationsquaredas

kyf2= 358.35- 386(1.559)
k18.8- 86.9)(-15,040)]

144(108,000)
= 318.52feet2

where358.35wastherigid
theconditionsofthedata
exampleis19.6;thus,the

valueof ky2 and108,000wastheweightfor
ofreference2. Thevalueof q% forthis
applicationofequation(27)resultsin

kyf2 157000 ~9m6= 358.35- ~08’ooo
)

329.86feet2

Thetheoreticalvalueisdeterminedfromequation(22)as 350.73feet2.

Thefollowingtableindicatesthecorrelationbetweenthevarious
methodsof determiningtheeffectiveradiusofgyrationsquaredforthe
testairplaneundertheaverageconditionsused:

%f” ‘%f2’
Method

ft2 ft2

Theoretical(eq.(22)).... . . . . . . . . . . . 350.73 -----
Analysisofall68 flightmaneuvers(eq.(27)). . . 329.86+4.72
Wing-twistmeasurements. . . . . . . . . . . . . . 31g.52-----

Betteragreementisseento existbetweenthe
twistmeasurementsandthevaluedeterminedby
forthetheoreticalvaluedeterminedby useof

DISCUSSION

Theprecedingsectionsofthereporthavepresentedtheresultsof
theanalysesandcomparisonswiththe&y andav~ilablewind-tunneldata
as wellas detailsoftheanalyticalmethodsusedto evaluatetheflight
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data.Thefollowingdiscussionconcernstheimportanceofthemanyfac-
torsincludedoromitted’inthepresentanalysis.

Itispossibleto losesightoftheimportanceofthesupporting
experimentalstudiesnecessaryfortheanalysisofthehorizontal-tail
loadsona largeflexibleswept-wingaircraft.Althoughthepresent
analysiswascomplicatedby somedifficulties,whichwereunforeseen
whentheflight-testprogramwasoriginallylaidout,thedetailedsup-
portinginstrumentationwhichmeasuredairplaneangleofattack,wing
deflection.and.twist,andfuselagedeflectionprovedtobe invaluableIn
manyphases.ofthedataanalysis.Inbrief,thedeterminationofthe
rigidwing-fuselageaerodynamic-centerpositionfromtheflightdatawas
considerablysimplifiedasa resultoftheflightmeasurementsofwing
centerofpressurepresentedinreference5.

.

.

—

*

ThedetermimtionofWing-fusekgezero-liftpitching-momentcoef-
ficientsfromtheflightdata,whichincluded-largezeroshifts,wasonly
possibleasa resultofthetail-loadanalysispresentedinreference3
whichrequiredthewing-lift-curveslopeandangle-of-zero-liftdatapre-
sentedinreference4. A majorfactorinrationalizingthetailloadsas
functionsofangleofattackandelevatoranglewastheavailabilityof
flightmeasurementsoffuselagedeflections~ich havesincebeenreported

.

inreference11. —
.

Theevaluationoftheeffectsofwingflexibilityontheeffective
momentofinertiawasaidedbythetheoreticalstudiesusedinrefer-
ences1,2,4,and5,thebasicmoment-of-inertiadataprovidedby refer- ‘
ence9,andthesupportingcheckinformationobtainedfromthewing-twist
measurementsreportedinreference2.

Theanalysisofelevator-angle-deflectiontime-historydatausedin
thepresentreportto confirmthedirecttail-loadevaluationof
aerodynamic-centerposition,zero-liftwing-fuselsgepitching-moment
coefficient,andeffectiveairplanemomentofinertiawasbaseddirectly
ontheanalysisofreferences3 and4.

Basic-DataCoefficients

WhenmethodI wasusedtofitthetail-lo”tidtime-historydata,
itwasfoundthatthewing-fuselagepitchingmcmentduetopitching
velocityproducedimmeasurablysmallhorizontaltailloads.A theoretical.

calculationofthetailloadperunit ~ (asusedintheairplane

pitching-momentequation(Al),notthetail-load-angle-of-attackequa-
tion(A15))fortheexamplemaneuver(flight12,run27)resultedin .

—
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%~— = -18.0 pounds.
d%

whichmaybe comparedtiththediscarded

perdegree

%~
valueof .~ = 82pounds

perdegreenotedforthismaneuverintheflightanalysisequation(B3).

Theequationsusedto fitthetail-loadandelevator-angletime-
historydata(eqs.(32)and(B5))didnotallowfortheeffectsofdynamic
wingandfuselageflexibilityand,yet,no discernibledifferenceswere
foundin comparingthecoefficientsoftheslow-rateandfast-ratemaneu-
vers. In severalcases,dynamicwing-flexibilityeffectsweresuspected
andtheuseofwing-tipflappingaccelerationsimprovedthefitto the
time-historydatawithoutaltering theprimarycoefficients.Itwasfelt,
therefore,thatreasonablyaccurateresultswerethusobtainedforthe
bulkofthedataanalyzed.

A factorsomewhatmoredifficultto definepositivelyistheHnearity
ofthewing-fuselagepitching-momentcoefficientwithnormal-forcecoeffi-
cient.Theformsoftheequationsusedforcelinearityand,forsomeof
thehigheraltitudedatawhereresultswereobtainedatrelativelyhigh
normal-forcecoefficients,thismayhaveresultedinerroneousslopessmd
intercepts.Allsuspecteddeparturesfromlinearitywerecheckedby the
error-distributiontimehistories.

Anotherprobablesourceoferrorwasthesloshingmotionofthefuel
inthethreelargeunb=led fuselagefueltanks,whichmayhaveintroduced
errorsintheassumedequationofairplanemotion.

Aeroi@amic-CenterPosition

Asidefromthefactorspreviouslymentionedtheaccuracytithwhich
thein-flightcenter-of-gravitypositioncouldbe determinedgovernsthe
accuracyoftheflightvaluesofwing-fuselageaeroi@namic-centerposi-
tion. Correctionsweremadeto accountfortheeffectofairplaneatti-
tudeonthefuellevelandtheresultanteffecton center-of-gravity
position.However,therewassomeindicationfromgroundteststhatthe
fuel-gagereadingswerenotentirelyindependentofairplaneattitude.
Theagreementshownbetweentheaerodynamic-centerpositionsdetermined
bymethodsI andIIisexcellentandwithfewexceptionswellWithin
theircalculatedstandarderrors. The agreementbetweenthedatafor
therigid-wingaerodynamic-centerpositionshowninfigure7 andthe
wind-tunneldataseemsreasonable.IntheMachnumberrangefrcm0.70
to O.~ thereisa differenceof only0.015.Therearwrdshiftof
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aerodynamic-centerpositionindicatedabovea Machnumberofabout0.78
isbelievedtobe associatedwiththefuselagesincethewingaerodynamic-
centerpositiongiveninreference5 remainsatroughly23.4percentof
thelocalwingchordupto M = 0.81.

Zero-LiftPitching-MomentCoefficient

Theagreementbetweenthecorrectedzero-liftpitching-momentcoef-
ficientsmeasuredby useofmethodI andthosemeasuredby useofmethodII
indicatedthatthetail-loadzero-shiftcorrectionmethodproposedinref-
erence3 wastheoreticallyandpracticallysound.Thedifferencesbetween
theflightvaluesof c% showninfigure13andthewind-tunnelvalues
(ref.7)arelargeandnoteasilyexplainable..--

A source
useofeither
measurement.
repeatableto
errorin Cm

oferrorinthedeterminationof CW fromflightdataby
methodI ormethod11 istheaccuracyoftheelevator-angle
While,forthepresenttests,theelevator-angledatawere
withinW.1 degreeforcomparableflightconditions,an
due

matelyequal-to
toelevator-anglezeroerrorse

(%)
wouldbe approxi- .

5

%38-0“68’%%
whichwitha maximumvalueof C~ fromreference4 as0.03wouldbe

= 0.0265
“%

As detailedinthesectionentitled“MethodsandResults,”theneg-
lectoftheeffectsofwingtwist,taildrag,andpitchingmomentdueto
enginethrustcouldproducea maximumerrorintheflightmeasurements
of c% of+0.00520

MomentofInertiaandRadiusofGyration

Themajorfactoraffectingtheaccuracyofthedeterminationof IYf
or kyf2 foranyindividualmaneuverisbelievedtobe theeffectof
fuelsloshingontheairplanemotion.In someabruptmaneuversduring
whichthetailoftheairplaneacceleratedfrompositiveto negativeg
andbackagain,thefuelinthereartankshed backto thebottomof .

thetankand,asa result,producedconsiderablevibrationinaccelerometer
●
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. readingsatthecenterofgravity.Althoughan attemptwasmadeto elimi-
nateportionsofthemaneuversfromtheanalysiswhensuchoccurred,the
largesurgingactionsofthefuelundoubtedlyhavecontributedto sane. ofthescatterinthe Iy data.

Thegoodageementbetweenthemeasuredandcalculatedvaluesof

kY2 fortherigidwingisbelievedtobe indicativeoftheoverallaccu-
racyofthemethodsusedto extracttheairplanestaticstabilityparam-
etersfromtheflighttail-loadandelevator-anglemeasurements.

Thevariationshownbetweentheoryandexperimentinthechanges
of kyf2 withtheflexibilityparsmeterqm#W ispuzzlingeventhough
ithasbeenconfirmedqualitativelybythewing-twistmeasurementsof
reference2. Thisdisagreementmaybe associatedwithunaccountedfor
localwing-sectiondistortionsnearthetiporwingtwistsassociated
withdynamicmotionsofthewingtipwhichmaybe closelyphasedwith
thepitchingaccelerationtimehistory.

.

.

.

.

CONCLUDINGREMARKS

Flightmeasurementsofwing-fuselageaerodynamic-centerposition,
zero-liftpitching-momentcoefficient,andeffectiveairplanemomentof
inertiahavebeenpresentedas derivedfromtheanalysisof68push-pull
maneuversona largeflexibleswept-wingairplaneina Machnumberrange
from0.42to0.81atpressurealtitudesfrmn20,000to 35,0(X)feet. The
parametersasderivedby twomethodsfrcmmeasuredhorizontal-tailloa&
andelevatorangleswereinexcellentagreement.Themethodforcor-
rectingfortail-loadzeroshifts(proposedinNACARM L56J02)wasapplied
to theflightdatawithgoodresults,asevidencedby a comparisonofthe
uncorrectedandcorrectedzero-liftpitching-momentcoefficientsderived
fromthetail-loadmeasurements.

Theeffectsofwingflexibilityontheaerodynamic-centerposition
andonthezero-liftpitching-momentcoefficientwerepredictableby
theory.Thereliefprovidedby thewingbendingandtwistingdueto
pitching-accelerationinertialoadstotheeffectivemomentof inertia
wasnotpredictableby theory.Fortheonecheckcaseavailable,essen-
tialagreementwasobtainedbetweenoptigraphdataandtail-loaddata
forthere~ef duetopitching-accelerationtingloads.

Specificallyforthetestairplaneitwasfoundthat:

1.Reasonableagreementwasobtainedbetweenflight-measuredrigid-
wing-fuselageaerodynamic-centerpositionsandthosedeterminedfrom
wind-tunneltests.
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2.Therigid-wing-fuselageaerodynsnic-centerpositionwascon- .

stantat24.4percentmeanaerodynamicchordupto a Machnumberof0.78,
afterwhichitshiftedrearward astheMachnumberincreasedto itsmaxi-
mumflightvalueof 0.81.

e

3. Therearwardshiftinthewing-fuselageaerodynamiccenterabove “
a Machnumberof0.78appearedtobe associatedwiththefuselagesince
thewingaerodynamic-centerpositiongiveninNACARM L57E28remained
constantat 23.4percentofthelocalwingchordupto a Machnumberof
0.81. -

4.Therewerelargedifferencesbetweenthewind-tunnelandflight-
determinedvaluesof zero-liftwing-fuselagepitching-momentcoefficient
overthecompleteMachnumberrangeofthetests.

5. Themomentsof inertiadeterminedfromtheflightmeasurements
agreedwithcalculatedvaluesfortherigid-wingcase. .——

6. Calculatedeffectivemomentsofinertia,whichincludedthe
reliefduetowingbendingduetopitching-accelerationinertial~ds~
didnotagreewiththosemeasuredby”thepresentflighttests. “

7. Forthetestairplane,thepitchingmcnnentduetopitching-
velocltyloadsonthewingwasshowntobe insignificantboththeoreti- .
tallyandfromthetail-loadmeasurements.

LangleyAeronauticalbboratory,
. NationalAdvisoryCommitteeforAeronautics,

LangleyField,Vs.,August1,1957.

.

.
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APPENDIX

PITCHING-MOMENT

A

EQUATIONS

Thepitchingmomentsontheairplanemaybe expressedby takingthe
summationofthemcmentsaboutthewing-fuselageaerodynamic-centerloca-
tionas

(Al)

Inequation(Al)positiveforcesactupwards,positivemomentsarenose
up,anddist-cesresrward oftheaerodynamiccenterarenegative.

Theparametersinequation(Al)whicharefunctionsofthewing
flexibilityaretheaerodynamic-centerlocationd,thewing-fuselage
zero-llftpitching-momentcoefficient~, theliftonthewingdueto
theloadinducedby wingdeflectionduetopitchinginertia~, and
theliftonthe.wingdueto thedistributionofliftduetopitching
velocityL~. Theterm ~ isdefinedas

L+&’

andtheterm ~ isdefinedas

MethodI - DirectTail-LoadMeasurement

Equation(Al)maybe writtenas

(A2)

(A3)
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Forthetestdata
aerodynamicload

N4CATN4191

analyzedinthepresentreport,thehorizontal-tail
~ andthetailaerodynamictorque

wereboth”measuredbymeansofstraingages;thus,equation(A4)maybe
usedas

Ina formsimplifiedforleast-sqwesanalysis,equation(A6)maybe
writtenas

(A7)

FromthecoefficientsA, B, C,and D ofequation(A7)andthecorre-
spondingtermsofequation(A6),thepitching-momentparametersofinter- .
estmaybe definedasaerodynamic-centerlocationd

zero-liftpitching-moment

effectiveairplanemoment

Blt
d =—

w -B

coefficient~

ofinertiaIyf

andthepitchingmomentduetopitchingvelocityL~~

.

(A8)

(A9)

(A1O)
—

(All)

.

.
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MethodII- Pitching-MomentParameters

Elevator-AngleMeasurements

29

From

Forthedeterminationofpitching-momentparametersfranelevator-
anglemeasurements,a morecomplicatedseriesofequationsmustbe
writtenwhichalsoincludetheeffectoffuselagedeflectiononthe
horizontal-tailangleofattack.Eqution(Al)isrewrittenas

Now

and ~ canbe writtenspecificallyfor
equations(4)and(6)ofreference3:

() bt dE
%= -3.00 +UW1 - g -Taa+

thetestairplane

g(n -l) Jtg-
V2

(A13)

by using

(A14)

By thesubstitutionofeq-tion(A14)into(Alj)andfactoringoutthe
tail-loadterms,thetail-loadequationmaybe rewittenas

(A15)

Hereafter,theexpression c% isdefinedastheeffective
dit

-—
1 qc%qst

(%)
tail-lift-curveslope C

f“
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Withtheuseoftheadditionalequations

‘%=

Iyf 6’cNAc=&-
~sq

NACATN4191

(A16)

(A17)

(AI..8)

whereequation(A16)isthetailloadfactorexpressedintermsofthe
center-of-gravitynormalloadfactorandpitchingaccelerationandequa-
tions(A17)and(A18)areusedinreference3 to definethewingangle
ofattack,equations(A15)and(A12)canbe cmnbinedtogive

where
r -1

(A19)

(A20)

(A22)

.

.

*
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and

b—=
%’

Fromequation(A21)thezero-liftpitching-momentcoefficient@ may
be derivedas

. ‘et
% {[ (%)-—b~ c

SE f%+%%] -(c%)f~*oo+ .25-

(A24)

Theaerodxc-center locationd maybe derivedfromequation(A22)
as

&d~+dit+gztdE
(%)[

Ltc ——
f an db %

d=

_-+ (I - %)%] ‘~%et (A25)
~2 da

andtheeffectivemomentof

Iyf=
qstxt

1+ F - %$%$f

inertiaIyf,from

/

(1-%)*]
equation(A23) as

(A26)
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APPENDIXB

ANALYSISOFBASICDATA

As showninappendixA thewing-fuselageaerodynamic-centerposi-
tion,zero-liftwing-fuselagepitching-momentcoefficient,andeffec-
tivemcmentof inertiamaybe determinedfromthecoefficientsofequa-
tions(A7)and(A19).Thefollowingsectionsgivetheleast-squares
proceduresusedforthedeterminationofthesecoefficientsandillus-
trativeexamplesforbothmethodsI and11.-”

SolutionsbyUseofMethodI

Foranalysisofflighttail-loadmeasurementsforeachmaneuver,
equationsoftheformofeqyation(A7)maybe solvedforthecoeffi-
cientsA, B, C,and D asfollows:

[)A
B
c .
D

. . . .

. . . .

. . . .

. . . .

..*.

● ✎ ✎ ✎

Tl

.

.

.

.

●

.

n

.

.

.

.

.

.

..e

.

.

.

.

.

.

.

.

.

,

.

.

1

.

.

.

●

.

.

n

.

.

.

.

.

.

..e

.

●

✎

✎

✎

✎

/iZt/v

.

.

,

.

.

.

.

.

(Bl)

niatrixandtheInequation(Bl)theindividualrowsoftherectangular
co~~ ~trix &T representsimultaneousmeasurementsofthelndi- ——
catedparametersat eachofvarioustimesina givenpush-pulJmaneuv”er.
Equation(Bl)inthefollowingequivalentformwasusedforthedeter-
minationofthe A, B, C,and D coefficientsforeachofthe
68maneuverslistedintableII:

.

.
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.

.

‘A
B

I
c=
D

.

.

-1

zLtT

(B2)

Thedeterminationofthe A, B, C, and D coefficientsforeach
maneuverby theuseof equat>on(B2)requirestime-historymeasurements—
ofthefollowingquantities:

n normalloadfactorat centerofgravity
..
e pitchingaccelerationat centerofgravity

dlt/v tailangleofattackdueto pitchingvelocity

UT aerodynamictailloadplustailaerodynamicpitchingmoment

Figures2 and3 illustrateintime-historyformthedatausedinthe
analysisofa typicalmaneuver(flight12,run27). Thepitchingaccel-
eration3 hasbeencorrectedforinstrumentfrequency-response
characteristics.

Theuseofequation(B2)withthetime-historydataoffigures2
and3 resultedinthefollowingequationfortailloadforthismaneuver:

kT = -1722+

/Thecoefficientof iztV was

497n- 24150&+826Ztjv (B3)

smallin comparisonwithitsstandard

errorandthefitto thetimehistorywasnotimprovedby theinclusion
ofthispitching-velocityparameter:Analysisoftheothermaneuvers
alsoindicatedthattheparametereltp didnotcontributesignificantly

to thepitching-momenttail-loadequation.Thus,forthisandsubsequent
maneuversthe A, B, and C coefficientstobepresentedwereobtained
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by usingeqmtionsoftheformof equation(B2)withthe iltlVterm .

omitted.Withthepitching-velocitytermomitted,theequationdeter-
minedas fittingth~time

+

Thecalculatedtailload
themeasuredtimehistory
ablygoodandthissample
thanthebestcorrelation

<istoryof ~ forfl~ght12~run27became .

= -1702+ 392n- 240598 (B4)

~ (eq.(B4))isccwcparedinfigure3 with
fromwhichitwasderived.Thefitisreason-
maneuve”risrepresentativeoftheworstrather
obtained. —

The A, B, and C coefficientsobtainedfrcxntheleast-squares
analysisofeachofthe68maneuversaregivenintableIII. Alsolisted
inthetablearethestandarderrorsoffitandthestandarderrorsof
theindividualcoefficients. .—

Solutionsby UseofMethod11

Theelevator-angleequation(eq.(A19))maybe writtenina formfor “
least-sqparessolutionoftime-historydataasfollows:

_-l

Infigure4 theelevatorangleisshownintime-historyformfor
theexamplemaneuver(flight12,run27). Whentheelevator-engledata
areusedinadditiontothedatashowninfigure3,thefollowingequa-
tionisobtainedbysolutionofequation(B5):

b = 4.548+ 3.534Q# - 6i620n- 21.563g (B6) .
.

.
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Inthiscase

35

theterm 62t/V isan importantparameterandisretained
forallsolutions.A timehistoryoftheelevatoranglescomputedby use

a ofequation(B6)is showninfigure4. Theagreementisreasonablygood
butagaintheexamplemaneuverisnotas gooda fitaswasobtainedwith
themajorityofthemaneuversanalyzed.

Theelevator-anglecoefficientsofeqpation(B7)forall68maneuvers
arelistedintableIValongwiththeirstandarderrorsanderrorsoffit.
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TABLEI.-AIRPLANZCHARACTERISTICSANDDIMENSIONS

Horizontaltail:
Totalarea,sift...... . . . . . . . . . . . . . . . 268
Span,ft . . . . . . . . . . . . . . ...0..... . . 33
Rootchord,ft . . . . . . . . . . . . . . . . . . . . . . =.42
Meanaerodynamicchord,ft . . . . . . . . . . . . . . . . 8.58
Distancefromhorizontal-tail25percentM.A.C.towing
25percentM.A.C.,ft . . . . . . . . . . . . . . . . . . 46.52

Incidenceangle,deg . . . . . . . . . . . . . . . . . . ● -0.25
Sweepback(25-percent-chordline),deg . . . . . . . . . . 32.9
Aspectratio . . . . . . . . . . . . . . . . . . . . . . . 4.06
!Taperratio.. . . . . . . . . . . . . . . . . . . . . . . 0.423
Airfoilsection.. . . . . . . . . . . . . . . . . . . . .EAC1OO
Strain-gagereferencestation(percentsemispan). . . . . 5.3

wing:
Totalarea,sqft. . . . . . . . . . . . . . . . . . . . . 1,428
Spszl,ft . . . . . . . . . . . . . . . . . . . . . . . . . 116
Meanaer@amic chord,in.. . . . . . . . . . . . . . . . 155.9
Aspectratio . . . . . . . . . . . . . . . . . . . . . . . 9.42
Taperratio. . . . . . . . . . . . . . . . . . . . . . . . 0.420
Incidenceangle,deg . . . . . . . . . . . . . . . . . . . 2.75
Sweepback(25-percent-chordline),deg . . . . . . . . . . 35
Airfoilsection.. . . . . . . . . . . . . . . . . . . . .BAc145
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Figure2.-Time-historydataforpush-pullmaneuver.
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Figure~.-Forwardshiftinwingaercilynamic-centerpositionasa func-

tionofflexibilitypsxameterfromfi@e 4(c)ofreference~.
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Figure 6.-Wing-fuselageaerodynamic-centerdata as extrapolatedto rigid-wing contitions aa a
function of Mach number.
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Figure 7.-CMUParisonof flight and win&.tUQnel wing-fuselageaerodynamic-center wsitions for
rigid-wing. conditions.
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Figure 8.-Wing-fuselageaerodynamic-centerposition for flexible-wingconditions.
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Figure9.-Zero-liftwing-fuselagepitching-momentcoefficientmeasured
bymethodI aea functionofMachnumber.
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I’lgure10.- Zero-lift wing-fuselagepitching-momentcoefficientsas obtainedby methd I and
correctedfor tail-load zero shifts.
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Figure12.- Comps.risenof zero-liftwing-fuselagepitching-moment
coefficientsby twomethods.
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F@ure13.- Contparl,Sonofflight- wind-tunnelzero-liftting-fie~epitcbi.ng-mment
coefficients.Vertical lines h circle synibolE exe valws ~ ~
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from equation (17).
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(a)Centerofpressureofwingaerodynamic

loadduetopitchingacceleration.

(b)Aerodynamicloaddueto pitching
accelerationforbothwings.

Figure14.-Pitching-accehrationwingaerd.yntic-lmdparametersas
functionsoffletibi~typarameterqmR.
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Figure15.- Measured and calculatedradii of .qyratlonin pitch squared aa function of
flegibilityparameter qq@.
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